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Abstract—The magnetic shielding tensor and quadrupole interaction parameters, as well as the mutual orien-
tation of tensors for the (=SIO)VOCI, complex obtained by the immobilization of VOCI5 on the SiO, surface
are determined. The state of VOCI; on the surfaces of MgCl, and modified SiO, with all surface OH groups
replaced by Cl atomsis studied. To prepare the modified SiO,, CCl, and SiCl, are used as chlorinating agents.
The formation of structurally similar pentavalent vanadium complexes on the surface of these supports is
shown. A model for the coordination environment of vanadium on the chlorine-containing supportsis proposed.
The vanadium atom existsin the distorted pentahedral environment and is bound to the support through either
two chlorine atoms or chlorine and oxygen atoms. A correlation between the coordination of VOCI5 and cata-

lytic properties of VOCIo/MgCl, is assumed.

INTRODUCTION

Currently, polyolefins are synthesized in the pres-
ence of Ziegler—Natta catalysts. Supported titanium—
magnesium catalysts (TMC) containing titanium tetra-
chloride as an active component supported on highly
dispersed magnesium chloride are the best known
among these systems. Several papers devoted to sup-
ported vanadium—magnesium catalysts (VMC) for eth-
ylene polymerization containing vanadium compounds
(VCl, and VOCI,) as an active component instead of
titanium chloride have been published in recent years
[1-10]. These catalysts possess severa interesting
properties: (1) in the presence of VMC, unlike TMC,
polyethylene with a broad molecular-weight distribu-
tionisformed [4, 8, 11] and (2) VMC possess a higher
copolymerization activity as compared to that of TMC
in ethylene copolymerization with a-olefins[4, 12, 13].

The authors of [3] reported that titanium tetrachlo-
ride in TMC, vanadium tetrachloride and vanadium
hydroxytrichloride in VMC interact with the same sites
of the support, specifically with highly dispersed mag-
nesium chloride. These sites are assumed to be the sur-
face coordinatively unsaturated magnesium ions with
chlorine vacancies [14-17]. These magnesium ions
have the properties of Lewis acids [18-20].

Recently, nuclear magnetic resonance in solids has
been recognized as a method that is the most sensitive
to fine details of the local nuclear environment. In the
case of vanadium, 'V NMR spectroscopy reliably
determines the type of the coordination environment of
vanadium and the type of association of vanadium
polyhedra. Therefore, 'V NMR spectroscopy was used

to study the structure of surface complexes of several
catalysts [21-24].

In this work, we applied 'V NMR in solid to study
the VOCI,; structure on the MgCl, surface to compare it
to the structures formed when VOCI; was adsorbed on
silica gel with different chemical compositions of the
surface.

EXPERIMENTAL

Vanadium hydroxytrichloride VOCI; (a solution in
CCl,) was distilled in a vacuum at 20°C. Silicon diox-
ide (Davison 952 trade mark, S, = 260 m?/g) was cal-
cined in a vacuum at 260—700°C. Modified SIO, was
treated with chlorinating agents (CCl, and SiCl,) at
400°C as described in [25].

TheRb,VOCI; - H,0O sample was prepared by apro-
cedure described in [26].

Two samples of magnesium chloridewere used. The
first of them, MgCl,-1, was prepared according to the
procedure described in [27] from anhydrous crystalline
magnesium chloride and activated using dry grinding
for 10 hin aball mill. The specific surface area of the
sample was 29 m?/g.

The second sample, MgCl,-2, was prepared accord-
ing to the procedure described in [27] by the reaction of
powdered magnesium with C,H,Cl (a molar
C,H,Cl/Mg ratio of 3) in heptane at 98°C. Under these
conditions, nonsolvated butylmagnesium chloride
formed at thefirst stage of the synthesiswas chlorinated
with excess C,H,Cl to form a powdered product con-
taining 90% MgCl, and 10% organic polymeric part
with the composition (CH, ;). The sample was washed
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with heptane and dried in a vacuum at room tempera-
ture. The specific surface area of the sample was
155 m?/g.

VOCI; was supported on the SiO, surface from the
gas phase at room temperature. Other vanadium cata-
lysts were prepared according to [1, 11] by the interac-
tion of solutions of VOCI; or VCI, in CCl, with asus-
pension of MgCl, or modified SIO, in heptane at 80°C
and themolar ratioV : support =0.05: 0.1. The catalyst
was repeatedly washed with heptane and dried in avac-
uum.

The vanadium concentration was determined by
flame absorption spectrophotometry on an AAS-1-N
spectrometer.

The conditions of preparation and results of chemi-
cal analysis are presented in Table 1.

To obtain IR spectra, we used the specialy con-
structed cell that allowed usto introduce the sample and
measure |R spectrain avacuum. Diffuse-reflectance IR
spectrawere recorded using an |FS-113V spectrometer
(Bruker) equipped with a diffuse-reflectance attach-
ment. The spectra are presented in the form of F(R),
where R is the reflection coefficient, and F(R) is the
Kubelka-Munk function.

ESR spectrawererecorded at 77 K at afrequency of
9.2-9.3 GHz using aBruker ER-200D ESR spectrome-
ter with 5-mm ampules. The modulation frequency of
an ESR signal was 100 kHz, and the modulation ampli-
tude was 0.5-1.0 mT). The MgO crystal with Mn** and
Cr* admixtures was used as a standard for the determi-
nation of the g-factor of signals from the sample.

IV NMR spectra were obtained with a Bruker
MSL-400 spectrometer (with a magnetic field of 9.4 T
and a resonance frequency on vanadium v, of
105.2 MHz). Experiments on quadrupole echo were
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carried out by the two-pulse sequence: {T712(X) —t, —
T/12(Y) - t,}, where t, and t, were empirically taken to
be 55 and 57 ps, respectively. Magic angle spinning
(MAYS) spectrawere obtained at arotation frequency of
10-15 kHz in silicon nitride rotors (with an external
diameter of 5mm) on asensor designed by NMR Rotor
Consult ApS (Denmark) [28]. The radio frequency
pulse duration was 1/12 (which corresponded to 2 us
for a highly powerful sensor and 1 ps for a MAS sen-
sor), and the delay between pulses varied from 0.1 to
10 s. Chemical shifts are presented relatively to VOCI,
as an external standard. A sample was loaded into the
rotor in inert chambersin argon, and then the samplein
the rotor was flooded with paraffin. Then, the rotor was
tightly closed with a cap with several rubber gaskets.
Under these conditions, the sample remained
unchanged for several days.

The SATRAS procedure (satellite transition spec-
troscopy, viz., detailed spectroscopy of rotation satel-
lites) was used to analyze experimental data, that is, to
determine in detail the magnetic shielding tensor and
guadrupole interaction parameters and the mutual ten-
sor orientation [29, 30].

The spectra were calculated by the unique NMR2
program developed by A.A. Shubin [31]. The program
is partially based on the code of the NMR1 program
[32] and uses (in the corresponding modification) an
algorithm proposed in [33] for the fast calculation of
the integral intensities of rotation satellites in MAS
spectral of quadrupole nuclei. The program makes it
possible to calculate the satellite intensities and the
total NMR spectrum under the SATRAS conditions and
estimate spin-Hamiltonian parameters from experi-
mental intensities of rotation satellites. To simulate
NMR spectra of samples with defects or strains in the
lattice in the vicinity of the nucleus, we used the calcu-

Table 1. Conditionsfor the preparation of the samples, results of chemical analysis, and data on the catalytic properties (con-
ditions for polymerization: the ethylene pressureis 3.8 atm, T = 80°C, and the cocatalyst is triisobutylal uminum)

Temperatureof SO,

No. Composition calcination, °C

Temperature of immobi-
lization of vanadium
compounds, °C

1 | VOCI4/Sio, 400
2 | VOCI4/SiO, (CCly) 280
3 | VOCI4/SiO, (SiCl,) 700

4 | VOCl3/MgCl, (1) -
5 | VOCI4/MgCl, (2) -

6 | VCl,/MgCl, (2) -

Concentration Catalyst activity*,
of vanadium, wt %| (g PE/(g V) h atm) x 103
20 2.00 25
60 0.11 -
80 0.16 18
80 150 9.7
20 0.90 438
20 1.10 74

* PE is polyethylene.
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lation of MAS NMR spectra with the distribution of
different parameters of nuclei quadrupole interaction
(NQI) and magnetic shielding (MS) tensors[34].

RESULTS AND DISCUSSION

The initial VOCI; at room temperature is a liquid,
whose 'V NMR spectra exhibit a single line with a
shift of O ppm. The spectrum of VOCI; vitrified at
-173°C is aline with the axia anisotropy of the mag-
netic shielding tensor with the parameters presented in
Table 2 [23, 35]. The high anisotropy value (Ac ~
500 ppm) and close g, and g, values characterize the
local environment of vanadium as a distorted tetrahe-
dron with the axia symmetry (the symmetry axis is
most likely directed along the V=0 bond).

Highly active catalysts for ethylene polymerization
are obtained when VOCI; is supported on the MgCl,-2
surface obtained by organomagnesium synthesis [1]
(seerow 5in Table 1). Unfortunately, we failed to detect
the NMR spectrum of the VOCI,;/MgCl,-2 sample.

555

We studied in more detail the sample prepared by
VOCI; adsorption on crystalline MgCl, activated by
dry grind (MgCl,-1 support).

The large line width did not allow us to observe the
31V NMR spectrum of VOCI;/MgCl,-1. Only the use of
the MAS procedure with a rotation rate of 10-14 kHz
and long scan accumulation (2-3 x 10°) provide the
desired result. The MAS 'V NMR spectrum of the
VOCI;/MgCl,-1 sample (curve 3) is shown in Fig. 1.
The spectrum isa system of well-resolved lateral bands
from the signal with the partially averaged chemical
shift anisotropy. The detection of spectrawith different
rotation rates and analysis of lateral bands suggest that
all vanadium atoms observed have the same local envi-
ronment characterized by a magnetic shielding tensor
anisotropy of ~600 ppm and an isotropic shift of
=470 ppm (Table 2).

The absence of the NMR spectrum of the
VOCI;/MgCl,-2 sample can possibly be due to the
reduction of some vanadium ions when VOCI; is sup-
ported on the MgCl, surface. This is indicated by the
ESR signal from paramagnetic V#* ions (g, = 1.957,
A= 183 mT, gy = 1.985, and A; = 69 mT). The ESR

Table 2. Nuclear quadrupole interaction (Cq, Ng)* and magnetic shielding tensor (35, Ny, Ojs,)** parameters for the SV nu-
cleusand Euler angles(a, B, y), specifying the relative orientation of these two tensorsfor VV inthe VO,/SiO, and VO,/MgCl,
catalysts. The parameters were obtained by the SATRAS procedure and from the analysis of static and MAS 5V NMR spectra

at afrequency of 105.25 MHz

Complex 01, PPM | G2, ppM | O3, PPM | Cigy, PPM |Cq, MHZ No o,deg | B,deg | v, deg
VOCl3, —196°C*** 160+5 [150+5 |-330+5 |-6.7+1 [57+0.3| ~09 - 20+ 10 -
(=SIO)VOCl, 123+5 [354+5 | 405+5 | 295+1 (1.1+0.1|0.86+0.02] 90+5 | 20+5 80+5
(ESIO)zVO**** 450 470 1190 710 - - - - -
(ESI0)3VO - 2H,0O**** 250 330 1200 580 - - - - -
VOCI;/SiO,(CCly) 160+50({515+10| 800+25| 490+5 <11 0.10 - - -
VOCI,4/SIOL(SICl,) V; |160+50|515+10| 800+ 25| 490+5 | <11 0.10 - - -

V, [200+£20{300+20(1270+20| 590+ 5 <13 0.15 - - -
VOCI;/MgCl, 234+5 |374+5 | 830+£5 | 4705 <135 0.10 - - -
Rb,VOCl5-H,O V; |206+5 [208+5 | 8145 | 4105 | 10x0.7 0.001 - 25 -
V, |329+5 [349+5 | 6405 | 4405 <12 0.10 - - -

* The nuclear quadrupole mgment eQ and main values of the electric field gradient tensor (V4, Vo, and V3 = eq) are related to Cq and

No by the formulas Cq =

e%0Q/h; Vq = 12(-1-Ng)Va; Vo = U2(-1 + Ng)Vs.

** The main values of the magnetic shielding tensor are related to the parameters &5, Ng, and Ojg, 8S 01 = 1/2804(—1 — Ng) + Oigy; 02 =

V284(-1 + ng) * Ojgp; 03 = O + Ojgp-
*** Datafrom [23].
**** Datafrom [42].
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Fig. 1. MAS vV NMR spectra (v, = 15 kHz) of the samples: (1) VOCI4/(SiO,, modified with SiCl,); (2) VOCI/(SiO,, modified
with CCl); (3) VOCI3/MgCl,-1; (4) Rb,VOCls - 2H,0 (V,) (delay between pulses 0.1 s); and (5) Rb,VOCIs - 2H,0 (V) (delay

between pulses 10 s). The isotropic shift is designated by asterisks.

spectrum has a well-resolved hyperfine structure.
Based on the ratio of g factors of the VOCI;/MgCl,-2
sample (g < gr), we may conclude that the coordina-
tion environment of vanadium, in this case, is probably
octahedral with strong tetragonal compression due to
the high valence of an axial vanadyl bond V=036, 37].

In the case of the VOCI;/MgCl,-1 sample, the ESR
spectrum containing a broad signal with the unresolved
hyperfine structure is also observed, indicating the
reduction of some vanadium atomsin this sample.

The reduction of vanadium impedesthe recording of
31V NMR spectra. The presence of a paramagnetic V4
ion in the immediate vicinity of the pentavalent vana-
dium atom prevents the detection of the NMR signal
from V>* dueto the broadening effect of these paramag-
netic cations. For the same reason we failed to detect
the ESR spectrum of the most part of vanadium ions
due to the broadening dipole—dipole interaction in the
clusters of the V# compounds formed in the
VCI,/MQgCl,-2 catalyst [3]. Therefore, when consider-
ing the state of vanadium ionsusing ESR data, it is nec-
essary to take into account that thisinterpretation isrel-
evant to only a small fraction of vanadium ions that
exist on the surface in the form of isolated V4 ions[3].

We estimated the concentration of V# ions in
VOCI;/MgCl,-1 (~10% of the total concentration of
vanadium in the sample) and VOCI;/MgCl,-2 (~50%,
respectively). Note that, according to [38], the XPS
data suggest that approximately a half of vanadium
remainsin the pentavalent state on the VOCI;/MgCl,-2
surface. This suggests that we failed to detect the 5'V
NMR spectrum for the VOCI,;/MgCl,-2 sample because
the concentration of V#* in the VOCI;/MgCl,-2 sample
was higher than that in VOCI;/MgCl,-1. The reason
for the easy transformation of some surface compounds
of V3* into V#* in the case of the MgCl,-2 support
remains unclear.

Nevertheless, despite the reduction of some vana-
dium ions, we recorded the MAS 'V NMR spectrum
for the VOCI,;/MgCl,-1 sample in which this side reac-
tion occursto alesser degree.

To discuss possible structures of the surface V3*
compounds in VOCI;/MgCl,-1, we considered addi-
tiona datafor VOCI, supported on hydroxylated silica
gel and modified SiO, in which surface OH groups are
replaced with chlorine atoms.

The interaction of VOCI; vapor with SO, resultsin
the reaction with the surface hydroxyl groups
KINETICS AND CATALYSIS  Vol. 42
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Fig. 2. (1) Staticand (2) MAS (v, = 15kHz) 5y NMR spectraof theVOCI5/SiO, samples, (3) spectrum of theintensities of rotation
satellites, and (4) theoretical spectrum of intensities of rotation satellites.

=SIOH + VOCIl; — =SIOVOClI, + HCI. @

According to published data, only one chlorine atom
inthe VOCI; moleculeisreplaced in thisreaction [39].
This also follows from the 'V NMR spectra that
exhibit aline with the axial anisotropy of the magnetic
shielding tensor with an isotropic chemical shift of
-295 ppm (Fig. 2), which is characteristic of
(ESIO)VOCI,. Rehder [40, 41] showed that the succes-
sive replacement of Cl atomsin a VOCI; molecule by
OR groups is manifested in the >'V NMR spectrum as
an additive shift of the signal to a strong field (the
chemical shifts range from —290 to —310 ppm for
VOCI,(OR), from —410 to —-540 ppm for VOCI(OR),,
and from —440 to —710 ppm for VO(OR)5). This should
also bevalid for supported complexes. For example, for
the silica gel-supported vanadium atom bound to the
surface by three (=SiO);V O bonds, the isotropic chem-
ical shiftisequal to—710 ppm [41]. It isinteresting that
the hydrated form of this complex has an isotropic shift
of 580 ppm, which can be due to either additional
coordination of vanadium by water molecules or a
decrease in the number of bonds of vanadium with the
support surface [42].

Comparison of the datain Table 2 suggests that the
observed spectrum with an isotropic shift of —295 ppm
belongs to the vanadium complex immobilized on the
support via one (=SiIO)VOCI, bond. SATRAS analysis
[29] of lateral band intensitiesin the spectrarecorded at
different rotation rates provided us with the first reli-
able estimates for the magnetic shielding tensor and

KINETICS AND CATALYSIS  Vol. 42
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guadrupole interaction parameters and the mutual ten-
sor orientation for this complex. The spectrum of the
intensities of the rotation satellites obtained from the
experimental spectrum is shown in Fig. 2, and the the-
oretical spectrum of the intensities of rotation satellites
is presented below. The experimental and theoretical
spectra agree well with each other. The magnetic
shielding tensor and quadrupol e interaction parameters
characterize the local environment of vanadium in this
complex as a distorted tetrahedron (Ao < 300 ppm).
The low quadrupole constant (1.1 MHz) indicates the
gradient of electricfieldissmall at the site of vanadium.
This gradient is created by the local environment of the
nucleus and, most likely, can result from the symmetri-
cal arrangement of chlorine atoms in the complex. The
absence of axial symmetry (with the symmetry axis
along the V=0 bond) is most probably due to the devi-
ation of the SIO-V=0 angle from 180°. Figure 3a pre-
sents the model of the resulting complex.

The system obtained by the immobilization of
VOCI; on modified SiO, in which surface OH groups
arereplaced by Cl atomsis closer in its composition to
the VOCI,/MgCl,-1 catalyst. Chlorinated SiO, was
prepared using CCl,(SiO,(CCl,)) or SiCl,(SIO,(SICl,))
asachlorinating agent [43]. Figures4 and 5 present the
IR spectra of silicagel before and after chlorination. It
is seen that OH groups are almost compl etely removed
when these chlorinating agents are used. This is indi-
cated by a considerable decrease in the intensity of the
absorption band at 3740 cm~! that characterizes stretch-
ing vibrations of surface OH groups [44—46]. Note that
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Fig. 3. Vanadium complexes formed in the systems:
(8) VOCI4/SIO,; (b) and (c) VOCI4/(SiO,, modified with
CCl, or SiCl,) and VOCI3/MgCl,,.
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Fig. 4. IR spectra of samples: (1) initial SIO, calcined at
300°C and (2) SiO, modified with CCl, at 450°C.

amuch smaller amount of vanadium is adsorbed on the
chlorinated SO, surface as compared to the
VOCl,/MgCl, system (see Table 1).

When VOCI; is supported on the chlorinated SO,
surface, the MAS 'V NMR spectra (Fig. 1, curves /
and 2) exhibit aline with an isotropic chemical shift of
—490 ppm (when CCl, is used as a chlorinating agent)
and two lines with isotropic shifts of —490 and
=590 ppm (when SiCl, is used). The characteristic sig-
nal from (=SIO)VOCI, with a chemical shift of
—295 ppm is absent from both spectra. It is most likely
that the second signal V, with an isotropic shift of
—-590 ppm in the spectrum of the VOCI;/SiO,(SiCl,)
sample belongsto a hydrated complex formed when the
sample was loaded into the rotor (this is indicated by
similarity in NMR spectral parameters for this signa
and asignal from the hydrated (=SiO);VO - 2H,0 sam-
ple (see Table 2).
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Similar MAS °'V NMR spectra data for the
VOCI;/MgCl, sample and VOCI,/SIO,(SiCl,) and
VOCI,/SiO,(CCl,) samples suggest the structures of
vanadium complexesin these systems are close. Taking
into account a tendency of vanadium to form the
[VOCI,]- complexesand itsability to completeits coor-
dination sphere to pentahedron or octahedron [47], itis
reasonable to assume the formation of vanadium com-
plexes with four chlorine atoms in the coordination
sphere (one chlorine atom bound to the support com-
pletes the coordination sphere of vanadium to a penta
hedron). Vanadium complexes of thistype (M,M'OCl,-
type compounds (M = K, Rb, Cs; M' =V, Nb, Cr, Mo,
W)) are described in [48, 49]. According to these data,
vanadium in the M,M'OCls compounds has a distorted
octahedral environment consisting of four chlorine
atoms and an oxygen atom in the first coordination
sphere, and the sixth position is due to the removed
chlorine atom. The corresponding crystal hydrates in
which water molecules link vanadium—oxygen—chlo-
rine polyhedra have similar structures [50]. Figure 1
presents the spectrum for one of them, Rb,VOCl; - H,O
(curves4 and 5). It isinteresting that the crystal hydrate
contains vanadium atoms of two types characterized by
different relaxation times. A narrow line with a long
relaxation time most likely corresponds to the vana
dium aoms in the octahedral coordination
[VOCI,(CH]* remote from water molecules (Fig. 1,
curve 5), whereas the broadened spectrum with short
relaxation times probably corresponds to the
[VOCI,(CH]* octahedra located near water molecules
(Fig. 1, curve4).

The spectra of Rb,VOCI; -H,O, supported
VOCI;/MgCl, samples, and VOCI,/SO, (SiCl,, CCl,)
samplesare similar. The apparent differencesin theiso-
tropic chemical shift and magnetic shielding tensor can
be due to the absence of the rubidium cation that affects
the nearest coordination environment of vanadium sup-
ported on the magnesium chloride and modified silica
gel surfaces.

Perhaps the NMR spectra of the VOCI,/MgCl, and
VOCI,/SIO, (SiCl,, CCl,) samples differ due to the
interaction of VOCI; with the coordinatively unsatur-
ated surface sites of different types. In the case of
MgCl,, these surface sites most likely are magnesium
ions with chlorine vacancies, and for SiO, the sites are
siliconions with chlorine vacancies (the scheme of this
interaction is shown in Figs. 3b and 3c).

The formation of complexes of thistype is possible
because aV OCl; molecule readily addsthe chlorineion
to form [VOCI,]- or [VOCI,(Cl)]- complexes [47] and
because the interaction of coordinatively unsaturated
magnesium or silicon ions with oxygen (complex c in
Fig. 3) or chlorine (complex b) of the VOCI; molecule
ispossible.

Based on 2’Al NMR data, Potapov [51] assumed the
formation of similar complexes for aluminum in the
AlEt; _Cl,/MgCl, system.

KINETICS AND CATALYSIS  Vol. 42
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Fig. 5. IR spectra of samples: (1) initial SIO, calcined at
700°C and (2) SiO, modified with SiCl, at 450°C.

The structures of surface vanadium compounds pro-
posed in this work agree with the structures of surface
paramagnetic V4 compounds presented in the review
[52] on the basis of ESR data.

CONCLUSION

Thus, we conclude that the structurally close com-
plexes of pentavalent vanadium with vanadium in the
distorted pentahedral environment bound to the support
by either two chlorine atoms (Fig. 3, structure b) or
chlorine and oxygen atoms (Fig. 3, structure ¢), can be
formed on the MgCl,-1 and chlorinated SO, surfaces.
The high quadrupol e constant for the complexes of this
type (Table 2) attracted our attention. It is interesting
that similar values of the quadrupole constant for the
supported vanadium oxide catalysts were observed
only for tightly bound forms and explained by the sub-
stantial distortion of thelocal environment of vanadium
dueto the incorporation of the vanadium octahedrainto
the near-surface layers of anatase [53].

Although the structures of vanadium compounds on
the MgCl, and SIO, surfaces are close, the activity of
the silica gel-supported samples is lower (compare
rows 1 and 3withrows4-6 in Table 1). Thisfact points
to the high efficiency of the MgCl, support.

When choosing between structures b and ¢ pre-
sented in Fig. 3, one should takeinto account the results
of comparison of the catalytic properties of the
VOCIl;/MgCl,-2 and VCl,/MgCl,-2 systems. Along
with the same level of the catalytic activity (rows5 and
6 in Table 1), these two catalysts manifest several sim-
ilar properties. When excess VCI, or VOCI; is sup-
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ported on MgCl,-2 at 20°C, the same amount of vana-
dium chlorides (~1 wt % vanadium [ 3], also see Table 1)
is strongly adsorbed on the support surface. Polyethyl-
enes with close molecular weights and broad (and vir-
tually equivalent) molecular-weight distributions are
formed on these catalysts[7, 10]. In addition, these cat-
alysts have the same reactivity in chain transfer with
hydrogen used as a regulator of the molecular weight
[7]. Inthe case of ethylene copolymerization with a-ole-
fins, these catalysts exhibited close copolymerization
constants r, [10, 12]. The array of these factors sugge-
starray of these factors suggests that the oxidation
states and coordination environments of vanadium in
the active sites of VM C abtained from VCl, and VOCI,
are close. This implies that the structure in which a
vanadium atom is bound to the support surface viatwo
chlorine atoms (Fig. 3b) isthe most probable precursor
of the active site on the VOCI,;/MgCl, catalyst surface.
The same structure is evidently formed in the case of
the VCl,/MgCl, catalyst. It isknown that further forma-
tion of active sites in these systems occurs during the
alkylation and reduction of the surface vanadium com-
pounds by an organoaluminum cocatalyst. In the case
of the VOCI,;/MgCl,-2 catalyst, the interaction with the
organoaluminum cocatalyst perhaps involves the
vanadyl bond V=0 in structure b in Fig. 3. After the
interaction with the organoaluminum cocatalyst, simi-
lar in composition and structure active sites (probably,
the alkylated surface compounds of V?* or V3* in the
chlorine environment) are formed on both types of the
catalysts (VOCl;/MgCl, and VCl,/MgCl,).
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